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1^ ^ ^5L4|-a^^S^ • Method for producing a double-cross linked 

hyaluronate material) 

A method for producing a doub 1 e-cross 1 i nked 
hyaluronate material. A solution of a hyaluronic 
acid or the salt thereof is sequentially reacted 
with an epoxide compound and a carbodiimide 
compound to produce the doub 1 e-cross 1 i nked 
hyaluronate material which is a more 
biodegradation-resistant material. 
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i ' (1) 

r ^ ' ^ ^ m ^ :^ }k ^ m ^-^ ^ A -m- •\± '\± n ^ it 

Tt. ^ 4# 

it t ^(Hya luron ic acid ' H A ) # # >j5t f- ^ 

ac i d) ^ ^ am i no sugar) - ^ — ^ ^ ^ ^ ' -J^^f: 
^ * ^ ^ 5. ^ ■& ^1 ' ^ ^ ^ >fi(repeat ing unit)^*D- 
#i@^^(D-glucuronic acid)>SLD-N- m ^- ^ mm 

(D-N-acetyl- glucosamine) Ji^/S-(1-3)M.^^^^^^ 
i^^(di mer) • # a - ( 1 -4 ) M M ^ A M ^ «« >j5t ^ 

f >^ ^ ^ ^ m ^ »^ ^ ^S. - $k M ^ 3. BfxL 

B^a ;r #^ ♦ a ^ S #• .^w ^ m t » 

^ ^ M ^ ^?^Aft^^"^')l ^ >5Le.-srAl:^# ' iffj ^ ^ 

# # flf^ # ^ 4# ' -kP ^ "f- * a ^ S ¥j HA >^ >i 
^ ^ t #i 5? >^ ' # if^ 8t 6^ jL ^ II ^fe » ^ HA 

^ B ^ M 5^ >^ 0 ^ m tp ^ m " it ^HA ^ ^ m m 

^ - i>\ % ^(viound healing) ^ ^ m 'ik ^3. in. $k 

(anti-adhesion) - ^^#J#:^(drug release) « 

HA * # 6<j J;!; ' -^r i-X m ffl P;5r jL ^ ^ ^ 'fb 6^ 'fb iBc 
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i'#««ta.«« (2) 




m it ' e^^^§a;$^HA^^^ - K. Tom l hat a ^ A 
(Biomaterials, 1 997, vol 18, 1 8 9- 1 9 5 ) ffl it t Sit 
^fC/^>g. ' ii'fitfflJ^3^^'fb^ife(diepoxy compound) 't'^^ 
( 2* ^S|) 7fc-a- >A ^(polyCethylene glycol) 

diglycidyl ether) #jc-^HA^^M#i (cross-linker) 

^ -l5t ;F IS] :^LpH ^ # T *^HA ' ' 

m $L^t>^ ^ Sr^-HA ^^J.i^^^>S.m >J5lHA ^gi >g.pH {i. ^ f 'J :^?^ 
pH = 6.lBf^^it>^6^j o 

Mai son ^^@-|-^'JUS 4,963,666 ^^7r-i^^i^^^j^ 
;S.(COOH) t^^S-^Stl^^^^vr^i: • m ^ ^ -COOH ^ ^ 

stm##(^H*» : it m ^) ^ ^ ^Chi-) ^ 0r t m ^ 

(poly- f unct ional ) 3^ 'fb ^ f|# *^ '14 'f^ # >S. >^ ' ^ it. ^ 
tf Jt ft. >^ ^b(epoxy-act ivati.on) ^ ^ St jlK # # ' n it 
M m 4k ^ ^ ^ ^ ^ ige I) ^ ^ ' J-#fitm##^4»^>S^ 
•14 ' ^ ^ m BL M m ^ ^ ^ ^ ^ ^f^i -kp ' ^'J ffl it 

# ) ' ^ ^ ^ m it ^ m m "^^i ^ - A w $t ' 

^ m ' jtb ft. >€■ ^b ^ ^ et II # ^H- it: ^ ^ m » 

Sakurai ^ ^ ^ # if'JUS 4, 7 1 6, 224 - # ^ ^ -14 

it t ^ ^ m >fe ' lib ^ ^'J t ^ M #J ^ ^ -r ^ 1- '14 m ft. >fb ^ 
^ ( po 1 y - f un c t i on a 1 epoxy compound) ' ii T & ^ ft. 

^b ^ #/(haloinethy loxi rane ) ' A ^ ft. 'fb 
(bis-epoxy compound) 5!! ^ ^ t'J ' ^ ^ t-J 1^ it t ^ ^ M 
>S.>Ji^l.^ ^^^1 tt(crosslinking index) .^100 #1 ^ 
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I 



(3) 

^SL ^ ^ 5-20 m ^ JSL m ' X^^^^4^il8^t^# ^<^% 
Burns#A>rit:^@#^'JUS 5,017,229t ' ^^TF-iftil 

m 4^ 7$- ^ ± ^ ^ % St ' m m m m i^isoiid 

content) 0.4 %-2 . Q% :iL ^ m 'M ^ >^ 'pH<iL-^4.75 • Se. 

^ ^ M ; 1 -ethy 1 -3-( 3-d imethy 1 ami nopropy 1 
carbodi imide hydrochloride) "ST ^ dJ it t ^ ^ "^T >^ 
'14 7jc ;^ ^(hydroge 1 ) <> 

Burn s#A>jt US 5, 527. 893-11- ^'J t^^^-^^l^^-f- 
^ Si ^K. >F ^ jg: -fi ^ ^ ^ • ^ ^ J-XEDC 5c. ^ a 

>>^t ♦ ^i^:«p^>^:|:(acryl urea) ± • J-^ 

# i'i - « ?iL t 4L it t ^ # - 

Kuo^A^US 5,356,883J|-^'Jt^^>T^-«7X^^>^'l4 

#J ' ^HA >^ >j5t t ' M m ' # ;&o ^ 2. j;^ >;fc 

^/f it ' ^ >^ '14 # ^ " 

Kuo # A ^US 5, 5 0 2, 08 1 Jl- ^'J t ^ >lf * ^ 4^ '1-4 ^ 
#7 t ' ^f. * Ji- 5& J© (carbodi imide) >fb ^ #7 ^ 'ft ffl ' i-^ 

Kuo >jtUS 6, 0 1 3, 679 * ^fJ t ^ # '14 it t ^ 

^ 4^ ^ li ^ ° * # ^'J ffl ^ -r- 5£ ^ m ^b. ^ 4^ #i ^ it t 
filt ^ -fb # 5c. ^ #J ' fl^ ^ '^4 it t fit. ^ " 

De Belder ^ A >itWO 8 6 / 0 0 9 1 2 4|- ^'J t - # P;? jL :^ 
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i > #^t«.^ (4) 
^ ^ li # ItCGel ) o 

Malson^A^itWO 86/00079* ^-Jt^Tft-ft^^-Ji it 
m m,^ ^ ^ ^ » ^^ffl ^'T^^&'fi^^'fb'^^? ' ^ ^ 
i| ^ ^ i i| ^ ^ ^ 'fb #i: it 8^ t ^ ^ ^ ^ #J >^ ' # ^'J 
-^-^g - A ^ BL >ji (pyrogen- free) ^ it t ^ # 

Malson^^A^WO 90/09401 AUS 5, 783, 691 ^'J t 4^ 
^ - ^ ^ ^ it t # It ^ M >t ' ^ it m ^ ^ ^ 

^it >^ it t ^ ^ M #1 - 

Malson ^ A >|5tUS 4 , 7 1 6 . 1 54 4|- ^'J t ^f: - ^ ^ ^ '|± it 

t 6i ^ ^ ^ ^ >t ' ikbHA # ^ it ^iii: if< iH- .^-^ M ^ W t 
^^ ft # -f^ #7 » ^ # ^^t ^ 'f^. ffi t ^ if. ^ it ^ ^ ^ i< 
m ^ ^ ^ ^ ^ ^ i ^b #7 ^iit it t ^ ^ ^ ^ #] ' i-X # ^ 
M '14 it t ^ # It » it # ^f'J ^ ^fe -f?'] t ' Ma 1 son ^ A ffl 

SI ^l^ A >^ ' ^ 'r±H A >^ >^ t >v ft -fb ^ ( 

4(o : BDDE) ' * ^ ^ ^ # H A >^ >^ '>i.^ >jtHA IS ^ ^ 
i^l3.3%J'XJ:-Bf . >S.>!t^S.>^^i§50°C8^;5r^fl^^HA#^ ° 

Nobuhiko ^ A( Journal of con t ro 1 1 ed ' Re 1 ease, 
25, 1993, pl33-143)^^^-#^^^fl&tm^^^^'I4 
it t fi^ ^ ^ # ^ ' it t ^ icHA m m ^20 

wt% ifegf '14 >^ ' it 4 4LPGPGE i^i^i^^m^^Kl^ 

>A SlCPolygl ycero 1 po 1 yg 1 yc i dy 1 e ther ) ) ft 'fb » 
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i ♦ ^mt^f>B (5) 

^ tPGPGE HHA ^ it >fb ^ tf * ^ tb .^1. 0 - ^ Bt 

Mi ^ ^ V BL mib ^ n^' j^i 'I±ha ^ ti «• 

Nobuh i ko # A( Jour na 1 of controlled Release, 
22. 1992. P1 05-1 06) if^ - ^ U ^ ^ '\± ^ m ^ ^ ^ 
>^ ' ;lfitB^t^^^lili^'^.^>^20 wtS6 ASt 'liHA >^ 

' ^i}v/^e^}^^z^m- ^EGDGE ( 2. ^ SI 7X -a- ^ 

(Ethylene glycol diglycidyl ether)) ^PGPGE J* ft, 'fb 
^ • :^60 r /IS >^ T >R mis ^ # • # I'J ^ ^ 'f4HA ^ It - 
Balazs # A H^US 4, 582 , 865 ( 1 9 86 ) >S.US 4,605,69 1 
(1986)-f-#'Jt^^7F-^^^'|±ii.a^t^^ft^M^^ ' ^ 

HA >^ ' ^pH a. ^ i^9. 0 ^ # # T ' m ^ m & M 

(divinyl su 1 f one ) HA 4l 'fb ^ ^ ^ #J ♦ a U ^ ^ 

it 8^ t ^ ^ It - 

Hami 1 ton ¥ A >j5LUS 4,937,2 70 * :f 'J t - # -f^ ffl 

EDC ^ -IbL- ^ ^ ^ f SI(L- 1 euc i ne methyl ester 
chloride) ft it t Sit it # ^b ^ ^ ^ > J-X ^ # ^jc >^ H A 
# ^ ^ » 

Mi Her ^ A ^US 5 , 7 6 0, 2 0 0 # #'J t ^ - ^ >^ '14 

^ St m :t ^ ^ ' ^ ^ m m U P^C -f^P '■ it t ^) 
7^ >^ ' ^ m. 'l4pH 'fi. # T ' ii^ >^EDC .S. ^b'L- ^ m it f 
m ff HA it ^b -fr ^ ^ > a ^ 4^ 'liHA # ^ " 

t # ^ ® ^ ^'J t # ^ 9 0 1 1 0 4 5 1 ( t tf t ' 15] 
tttA)4^5F-^J*a'fb'^i^^c.M^ gti^#^N-^^it^ 
' ^'fitita^tS^#Stm^^^^l.#J':A^ft,'fb>^#;ite^ 
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JL » ^B^«L«i^ (6) 

m sl '> 

t tt A) 7F - # >^ 'l± ^ ^ 'l± ^ SI M # ^ ^ >^ ' ^ 



lit 32, 


HQ X& ^ 


^ idt- ^ Si /(I- ^ 
Be 3w Tt -¥1* 1C> JR/ le. Tj 






^4 


# it ^ 






t II fl ® 


* ^'J t ^ # ^901 1 9567 




( ^ 




i IS) 




A) 7F - 


- ^ ^ ^ 5^ it t S^- ^ 




t 




^1 ^ # 






















^ ji m it 










^ ^ 






* t - 










a ' 


-fa 


m # 


4L 5C. M 3^ 


t alt ^ ^ 4^ 1^ ^ ^ 








4a. '14 # 


^ it 



S'J ^ « 4$ ^ ^ ^ » 



^ B« 1^ ^ 

m'^^n t sit m # ^ ^ t 

^ 5& ( 1^ ^ 1^ m ^ ) ^ 

4 ^ ^ ' y ^ '• 





it 




^ ^ ^ it 8^ t 






s 






4# ;^ ^ '14 


A 










^ ^ ^'J ^ 












#7 ( JTf m & ) 
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i * #Mt8.«fl (7) 




^ ^ 4SL M. ^ "fSL 



a ^ ^1- ^ t ^ ^ it t # ^4 ' :^ m m ^ t ^ ^ ^ ^ 

t # # -f^ _h ' H # ^>J 6^ m ffl ^ it It " ^ # 

^ >5r >ir Jl ^ ffi ^ ^ it t ^ # ^N- ^ * >t ' ^ # #'J « >f- ;^ 

^ ;5fe ^ 

fi^m^ ■ Ca:> i$, m ^ ^ m. m ^ >^ }^ ^ (h) m 3$, m n 

( b ) m # >t 4^ ^ # i ^ m ^ ^ m %i ^ ^ s. ^ 
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i - ^t^t^B^ (8) 

-iL ^ M >(t t ^ it M #J ' ^1. -f^ ffl J* ^ M -fb >^ 5c. M f-J 

s. ^ 1^ " 

m 'X ^ ^ ^ "it ^ ^ ^ BL M ^ ^FTiR ^ n m - ^Ib 
m ^ <H ^mst^^'M^i^^^^^t^^^js^M^k^m 

m ^ ^ Sk m ^ BL M 'ik ' ^/r#^^-^S: - -S^i^^^t^/ 
4LFTIR m o^-^fflt^^A'ii^lbfflt^^lTOO cm-» 

>^ 4a «f m ;^C = 0 4^ ' >^ ^ 1 a @1 t m >^ ^ ' ^ >F .if. 

T ^;tt ^ ffil - 1^ — ^ # ^ ^ ^ ^ '^L ^ : 
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i ^ (9) 




I 

i 















— 




— ^ 


HA 



:^ yk B 




7i 





















iLS^ HA 













>j5i m m ^ ' 



HA 













7} 

















iLS^ HA 











HA 










— ► 















— *■ 


SL^ HA 
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% \z 



s.-^mn.m (10) 



'A 








mm 




# 




-sr it 


. 








^ m - 










m. ^ 'A 
















:i(o >7il #5 












m.}^ ^ -4 m - - m ^ ^ ^ ?l 'i± 


^ m m 








m ^ ^ ' # m ^1 # ^ » 








^ ^ 










^ ^ m 










A 










lir >i - 


4^ti^>iM^-^M - jsi m. m. m. ^ ^ ' m 
















% 


B^ ^ 


>^ ^ ^ ( b ) t -f^. it B^ t ^ ^ ^ 






it 


^ m 'fb 


^ 3C. M >J ^^^iiJ^HI^^f"]^^ t 


^ — ^ 


•*c 




^ - 


^ M >S. >!i> » 








# 






.a 


E3 


-r t& ^ m IL iM ^b ^ # ^ 'T t& it ^ m -fb >^ 


4^ ' ;^ 


#J 




-r ' ^ 




?'J : 1. 


4- 


T 


j:. ^ 


m 7\L -B- >i S$(l, 4-butanediol 



diglycidyl ether ; BDDE) - ^ m- ^ ^ ^Y- ^ 
(ethylene glycol diglycidyl ether ; EGDGE) M,6- £> 
-^S^^lg 7jc-B- >i &$(1, 6-hexanediol diglycigyl 
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^ 14 I 



jL ♦ ^Bnn.m (11) 

ether) - i|^^^S^^Ig7K.-a->*i^( Polyethylene glycol 
diglycidyl ether ) - ^ ^ ^ m ^ m U 
(Polypropylene glycol diglycidyl ether) - 3^ ^ S. f 
^ ^ ^ jz. ^ Tj/L -a- St(polytetraniethyiene glycol 
digylcidyl ether) - *r ;^ S| ^ -a- >* a5i( Neopent y 1 
glycol digy Icidy 1 ether) ^ -M- >db # 7^ -y- Si ( 
polyglycerol polyglycidyl ether) > ^ ^ ^ TjiL 

Si(dig 1 ycerol polyglycidyl ether) - -y- >A ^ ^ # 
fe|(glycerol polyglycidyl ether) ^ ^ ^ ^ ^ ^ ^ 
7|c # >!fe S| ( t r i -me t hy 1 o 1 propane polyglycidyl ether) - 
# j% E3 S| ^ m &i(Pentaerythritol Polyglycidyl 

Ether) ^ ^uU|ii^S^i^,^^K#>*^(sorbitol 
polyglycidyl ether) «> £i X ^ A ^'l ^ ' ^ m ^ ^ ^ m 

m ^ m ^ :^ ^Jf< :^ ^ o ^ ll 'fb >^ ^ M #J t 

^ ^ ^ * }A ^ ^1% ^S0% ' ^3 5.3 0% o it t 

1 :505-l 1 4f ^ m. M ^ yS. ^ M20 "C ' 

2 0 5. 5 0 °C " m ^ Pal >^ 3 0 # a .L ' ^ -fi 3 0 ^ 4t J- 1 2 
'J> ' It >fi ^ 6 0 5. 1 2 'J^ c 

»r -f^. ffi 4^ # ^ ^ 5£ ^ M "^r ^ #i & ^ -fs ^ ^ : 

I - ^ ^-3-(3 - ^ f ^ m ^ m ^ ^ s. m - I- r ^-3-C3- 

1. ^ ii ^ ^ ^ ^ >fc, #; o ^ 5& ^ i^I ^ ^ #J t «^ ^ 5& 1$ 
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i ' (12) 

^ tS. Mb20 ' ifh ^ ik ^20 S.bQ » JSL M m ^ d^Q^ 

^ ^ ^ m^ib) ^ ^ - ^ m. m ^ M > -^r^^i^iaB^ 

^ ?L # ^ S ^ & # - ^ # It ° 

>^ ^ >t a -fi -i^l ^20% fe. S ' it -[^2. 5 5-20% ^ S « 

^^*^#t^4;i^t. ^ ^ M - 3. ^ ^ m ° m ^ ^ m 

n ^ -4 ^ n $tm ^ M2b-10 "C, ffijj;-^ 25-45 "C-^ 

^t^ ^ a ^ la 5^ # ^ ^ ^ ^ -f^'J tJt T : ^If 

it 8^ t filt ^ ^ ^ ^ ^'J ffl A ^ £ ^ ib it ^ * ^ >^ #1 

m ' ^ ^ m it m ^ m. >^ }^ m ^ ^ m ^ ^ M m 

(Coagulant) t ' fl^^jL #rf^*^2. 0-0.1 mm :^Ii]J^^i^#*4:S. 
# » ^ ;t ^ >^ #J ^ a >^ #^ * 7X ^ 4^ >^ #j m ^ ° * ^ 
>^ #J ^ ffi #J 4to : 1 , 4- ^ :)t^ ^ a. ^ ^ — a ¥ ^ N, N- 
^ f f Si J^(DMF) - N, N- ^ f ^ ^ ^ J^CDMAc) ^ m, 

m - ^ ^ m - f 2> s^(MEK) ^ m m ^\ ^ ^ ^ m - ^s? > 

^ m ^ ^ ^ " T m ^ ^ M }^ m " ^ m t ^ >^ %i ^ 

4*^^(weight fraction) 'fAeO-lOOJi > ffiaa 75-1 00%^ 
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i ' #^18.^ (13) 

:^ }^ ' U ^ ^ '\± S. m ^ m(.?ore morphology) ^ 
^5.i$:ii.(interconnective)4:-,*#^?l » 

^ X ^ ^\ ^ 3^ n ^ — ^ ^ ^ M " 

^ - =^ ^ BL M 'ik ^ A ^ m >f >^ >it. is ^ 

m m m 4f ^ ^Cc:> ^ ^ =k ^ m. BL M - >*>it>iai-5r^'^'i^ 

^ © ^ ^ >^ • is.i^M.^^mik^^ ' i-x ^ 

>t * 1^ ^ >^ lit « 

#^(c) t^^^ffl^^^t']#^'fjtffliK>i5t^-^iL^^>S. 

( b ) t e. -f^ ffl it #L i^I -fb ^ M #] it ^ ^ ^ ' FjJ ^ ^ ^ ( c ) 

t -ft ffl -6-^ 5i ^ ^ ^ #J ^ii: ^ ^ ^ 5c M ; ^ ' ^ ^ # 

nKb) t e -f^. ffl ^ 5& ^ ^ M #j it # it ^ ' m m^ic) 

t ^ <^ ^ 6^ ^ *I 1^ >!i # ^ iilL ^ «^ ( b ) t " 

#^ ' ^>jfeit^tj^'?l^(b)^^^>lfita^tS^^*^^ 
>a M ^ m - ^ ^ S ^ ^ ?L 'l± # ^ ^ & # ^ ^ 
^ft^ ' B'J-sr^it'ft#^(c)^^'fei^S4L^;l^^fflit4pi 
_Li4m^^44^^.t^^^#^#lt ' ^, ^^it^^^(c) « 

^f: iii ||i ( C ) ^ 5C. ^ m # ^ >t 4^ ^ ^ 

± tL^^^m t sit # # " ^ ffl >^ #J ^ M >ife. 
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i ' #^t«,^ (14) 

^ • ^ m ^ 7^ ^] ^ ^ ^ ^ m^'^ m ' * ^ ^ #j -^i 
SI > m > ^ ^ ^ m - T m ^) » ;$^>^>jfe.>^t^^>^ 

#i ^ ^ * ^ # (we i ght f Faction) 'fA 20 5-1 00 % ♦ flri ^ 

m m 7$- m i^jL ^ it ^] m • yf^>&4LiS.^^i5°cs.5o 

r . iTn a 2 0 °C 5- 5 0 "C >^ » )}f .if. i§ >f ^Jfe. >t >>fe. 44 ^ it. t 
^ # *^ ^ # ' -ft ffl >S >^ il; 2 5 "C 5. 5 0 "C >f >ife. ' # ffl >S 

>^60 "Ci-XT^^JiL^lt^ ^ n M AiJo ^ $tm - ^ % ^ A $t 

:^ ^ ^ u ^ $t - m ^ ^ ^ ^m^^m 

1^ ^ n m ii^ ^ m t\)i - m. ^ - m ^ ^ ^ ^ m ^ 
^ ' ^ ^ ^ ii^ 'i± ♦ i^^mm^^^^^tiikr^msk • 

lis f M ' T X n ^ tH ^k^k t «fe <?'J ^ a » 
^ «fe -f?-] 1 

EDC- ^ ^ 4k. > -^i^MitB^tSlt^^N-^L^;^ 

^ it ^ ^ M ( sod i urn hyaluronate) ^> ^0. 1 ^ 
^ ;^ 1 0 m 1 ?x< 7jc t ' g >S # ^ # ^ 44 fl^ ^ 1 % ^ it 

t ^ >^ ' ^ m- it m n "^l >^ m ^ mCIef ion) # t 

^^^-^feM*!^ ' ^S5'C ^% t ' ^^^>^.^50 

;c^m it 8^ t Sl^ ^ " m f4 m % ^ *EDC ^ ^ #J(EDC ^2 
wt%^>^^j^ ' ^^f-J^i^aisi/Tlc = 70/30 v/v)t ' ^t^^^^t 
MiS.>^>$L8^fBlT ' -kP m yf^ • it^ita^tS4?#m^^5& 
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i ' (15) 

^ ^SQ vit% ^ ^ m }^ }^) 7^ ik. ' # £ iEGDGE m A -fb ' 

4^? ^ ^ >S.(EGDGE -t_2 wt%:^^^>g. ' >^ #] ^ / = 7 0 / 3 0 

# t ^ m ^ S. >^ >f t ( ite. J& ^50 Wt96 4LF^ 

7jc >^ ) >f >^ it ^1. ' # £ ^ t >^ - ilf 3^ ft, 

4t 4^ >5.EDC #5: ^ t 5t M ^ it t ^ M It ^ ^4 ' 
0.15 M NaCl 7K>^^&tit^«^^'hiaa^ t^^^P|-i^^«§t 
(in vitro hyaluronidase degradation) " ^ -kp ^ 

tb ^?-J 1 

a ^ -jfe #J 1 ^ laj ae. ;$r ' -fa ;f ;^ ^ -fi- 'f'»r ^ ^ ' ^ 
bt li ^?'J 2 

^ :5fe ^?'J 1 ^ 4a ;r ^ it -ft ♦ -fa # it ^ - ^^^it ^ ED C ^iiL 
5c. ^ #J ^ ^ ^ m ' m -fit ffl ^ 5c. M #J ?t >^ >SL >!t >S >^ ^ 

FbI :J(o ^ 1 ^ 7F . o 

tb ^?'J 3 

:ito ^ -Jfe -f?.J 1 4^ ;fi 15) >5r ^ it ^ ' >fa # it ^ — 'f^ ffl ^ ft 
'fb#?^-^5c.M#]^5c.^>S.>!i ' ^-fitffl^5tMf'J?t>^-S.>S.m 
yS. ^ ^ fi\ -kP m » 
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i - ^f^nm (16) 

^ 1 





If-^fe-W 1 


rtili-W 1 


It^iH 2 






m 








^EDC iL^t^ wP/o 
(p^a^/ 7^=70 /30v/v) 


2 


— 


4 


— 




35/60 




35/60 




v^wB^ » (^giq / =70/30 vAr; 


2 






4 




35/2 






35/4 


(220U/mL,35'C, i^^) 


0.08% 


43.596 


0.97% 


0.66% 




* * 1 ^ ^ ^ m ^ :^ }i: m M. ^ ^ A A ^ ^ ^ ^1 
m\ > 2 ^ 1^3 ^ ^ ^A, ± 1^ ^ -14 " 
* ^fe 'f?'] 2 

ft, i^-EDC ^ 15: ^ 4 5C. ^ it 'X U ^ ^ M 

) ' >^ 1 0 m 1 ?4 ^ t ' *^ ^ >S T ^ # ^ ^4 ^ 

^S^f^^CSolid content) \% ^ ^ m tSlt>^>^ » ^Ifitbita^ 
t II ^ 5- 3 5 °C ' # ;&t7 ^ :^ # ^ 2. ^ SI 7^ # ^ 
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i ^ (17) 

(EGDGE) m % ^ M. m. ^ it -kp ^2 m if^ ) ' 

EGDGE ^ if^ ^ ^ ^ ^ >^ ' #J^^am#t 

^ a-^ t ^ ^ 1^ ^ >v >t >it >S. t ( ^ >^80 wt96 

>^ >^ ) >f >ife. • 1. ^ t >it » :!^3 5 "C ^ It 

^1. # i'j - 'i -4 m " ^ ^ ^ f4 m s. ^edc ^ ^ 

>g.(5 wt%4LEDC>^>g. ' >^#J.^^a^/^K = 80/20 v/v)t(io^ 
2 m ) ' :!?^3 5 "C 'IS- >a >!i 3 'J^ - ^ , j|f ^ # 4l ^ -S: ^ 
^^^^i^B^ tgi?4mE^>*>^>^(^S^/^K :70/30)t>f 
>it » # :!f^35 "C ^% t It -J^ ^1, it ^ ^ t fi^ ^ ^ 1^ 

/:p.'J t^. ' ^ ^ 2 m 7F » 

«fe #J 3 

■ita ^ «fe <?.J2 IS] ^ it ^ ' -fa -f^ m 1 0 wt% 4lEDC ^ M 

#J >^ ' m it ^ ^ ^ ^ it ^ ^ ^ M }^ ^ ^ ^ f^^ -k^ ^2 m 

o ^ - ^ ^ 4b ^ >!i >t # M ^ ^ 

^ S. m.^ ^ BL M ^ ^ ^ 4LFTIR '^^mn7T^^^la^3.% 
1 b ffl «> 
^ <H 4 

:ito IT «fe -f?*] 2 4a Is] ^ it ;H- ' is. it m2Q w t % DC ^ ^ 

#J >t >^ ' ^ >fll ffi 5c ^ f-J >t >^ >5t m iS. >^ # flf ^ 2 m 

bb 15. <?'J 4 

a ^ «fe ^?'J 2 ^ 4a I5J se. ^ ' -fa ^ ;&o ^ ^ -f^r 5c. ^ #J ' ^ .^^ 
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i'^MUlW (18) 
bb ^ #J 5 

^ m2 ^ m :^ A ^ n ' -fa ^ it ^ - -ii -fit fflEGDGE 

^^'fb^M7^^^M^J^^M>S.>ji ' m m ^ ^ ^ ^\ }A ^ ^ 

M & M ^ m -ko ^2 m if^ " 




jL > ^mn,^ (19) 

A 2 





^ ^fe '^ii 2 


^ife^il 3 


-^i^m 4 




tt^M 5 










m 




EGDGE ^^^bi* 
(i3^aH/7K=80/20 v/v) 


10 


10 


10 


— 


10 


^ $L ife X *l a & 
(•C)/e^f-5(hr) 


35/4 


3 5/4 


35/4 


— 


3 5/4 


S^-a EDC ^-Sk-^SL 
=80/20 v/v) 


5 


10 


20 


— 


— 


EDC ^M-^iS-Ccye^ 


3 5/3 


3 5/3 


' 3 5/3 






/H-^J^ . (220 U / mL. 
35"C • 


0.3 5% 


0.12% 


0.15% 


32.2% 


2% 



^ # ^ ^ $ M '^i it t fi^ m # # * ^ tt ^?'J 4 1% 5 -ft 
^ ^ ^n. !k ^ m ^ 
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i » ^B^^m (20) 




5 

$.^t ^- EDc 4k ^ ^ 5L ^ m 'X ^ m ^ M 

ie. it ^ -^^ 422 1^ ^ pH 10 - S ^ f^20 % 6*1 it t ^ 
' # *i /^EX-861( 1^ Z ' Nagase ^ii- ej t » ^ 

2>^i^^iSg7X-a->*^)(il8^ t ^ ^EX-8 61 ^ ^ m t ^ it 
: 4 ) ' ^ # ^ ' ^ iS. T >^ m 4 ^4 ' fl^ ^ it. t 

filt 7jc ^ # o 5 0 % # >t >^ ?t >a A ' i^ ^ >E^ - ^ ;^ It 
' ^^^^^^i^j. - m m,^ (ha/ex-86i ) ^ 

>& *^pH 4. 7 Tfc t ' aEDC( it t Sit ^EDC 4l 5c. ^ # * tb 
.^1 : 4 ) g iS. T 4 it ^ it ^ ° m ^4 S ^ 

it *t m t ' *t ^Jc it *T at ' it *t ^ ^ ^ ^ # i^ ^ <^ 
$tm 'ik ' it a- ^ ^ » 
tb #5. ^?'J 6 

a ;5fe -f^'J 5 4a fs] se. ^ > -fs >F ;!?o ^ ^ -f^ ic. M #J ' ^ .^f. 
-fi -fsr ^ M >!i ' ^ ^Hl m ^ A m :^ }i: 1^ ^ '4 m » #4: 

ft^hita^t^S^^l^l^t^^ » 
tb ^?'J 7 

:!to ^ >f?.j 5 ^ 4a [5] ^ ^ it # it t # ^ it ' 

<i it ^ - -^5: ^ ^ m ' 'fit ^ EX-861 it a 'fb i^CHA : ^ 
t.>(bi^#fttb = l :8)^K:>^^^#J > m'fjtffi^^^^J?t>^>S. 
BL M ^ ^ ^ -kv ^3 m ^ " 
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i-'-^^ta.^ (21) 

^ 3 







tb^-M 6 




(HA:Eic-861) 


1 : 4 


... 


1:8 




25/4 


— 


25/4 


(HAiEDC) 


1 : 4 






EDc SLm^ccy^mi^i-^) 


25/4 






C220U/hlL35"'C ' ii^-^) 


10.7496 


10096 


73.5796 




^ ^ ^ ^ it ^ ^1 ^ ^ ^ ^ ^ ^ ^ ^ " 

* ;5fe ^?'J 6 

EDC - 3t ft 'fb -^5: ^ 4 5c M it t ^Jc ;M # ^ li >*: 

ie.^^^-^*22« >pH 4.7lil^l^f^2.5%6^ig.B^tSlt7ic 
>^ ' n m,m. ijo /^EDC( jg. t ^ ^EDC ^ ^ ^ * tb ^ 1 : 
8 ) ' ^ # ^ ' ^ ^ >S T ^ m 4 ^1- ' it t ^ ^ ^ 

B ^ " a 5 0 % >@ # >f 5 ^ ' ^# - )^ $t m ' 

^ ^ ^ ' )lf itb it t Sit # ^ ( HA/EDC ) « >a *^pH 
10 t ' J-XEX-S 1 0( 1^ Ji. ;g • Nagase ^ii' s] S& t ' >^ 
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i - ^fi^nm (22) 

EGDGE ' Z^^m^^yK-^yk it t ^ #EX-810 ^ ^ '0 

tb ^ m 8 

a ^ #J 6 4i [5] Se. > -fs >F ;&o ^ 'ft -fsf ^ ^ fij ' ^ 
>f3t -fsf ^ ^ >!i ' ffl ^ «fe -fJ'J Ma 15] ^ ^ ^ ^ ^ ^ ^ ^ ' -fi^ 

it ;ftEDC ^c.M^ita^ti^#*^^tti^ ' -fs^it^-IS: 
^ M m ' -f^ ffiEDC (HA : EDC 't*tb = l - S^) ^ ^ m. 
m ' m 'ft ffl ^ ^ ^ #J ?t >^ >5L m iS. >^ ^ FbI *j ^ 4 m o 




i - ^^t^m (23) 

^ 4 





t^^fe-H 6 






CHA:EDC) 


1:8 




1 : 8 


EDC x.Mj;^L>!irC)/E-t^RI1('hnC0 


25/4 


— 


25/4 


% ^n, EX-810 5: *t -t 1: fcb 

(HA : Ex-810) 


1 : 20 






t.-fb^^l^^JJ^:.;!! CC )/B-t^ R«1 (hr) 


25/4 






(220U/mL,35"'C ' iiS^) 


5.8896 


72.3896 


69.0996 




* ^fe <?'J 7 

EDC- if^ % ^t ^ ^ ^ ^ m t ^^j^ ^ ti 

>^ ^iSl ' ;&t7 T^EDC ' ft # ^ ^ ' f: T >!ft 4 ^1. ' 

it ^ - Bit ^ ^ It ' # )lf ifc t ^ # ^ ( HA/EDC ) >^ 

;!r^pH 10&^7jct (Ii]fl^f^^75J|?2.5%) ' i-X EX-810 ^ % >S 
T >!i 4 'J> 8f it 1^ — 3C. M ' BL M ^? ^ m. ' i-X 5 0 
% # >f >>fe. ' >f >^ ^ 7jc ^ ^ # M i^ ^ It :^ ^4 ' ^ it 
e ^ ^ ^ j# ^'^^'J " 
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i » #'«I51'W (24) 
fcb ^ #J 1 0 

a ^ 7 ie. :;5r ' is. ijv M H ^ ^ ^] ' ^ 

ii i^ X ^ M ' ffl#^fe#J14ai5]4L^M:^>i:^;&jfm > M. 

tb ^ #J 1 1 

:i(ti ^ ^?.J 7 :^ ;fa [5] ^ ^ it e it t ^ # ^ m it ' 

-fa # it ^ - -^5: 5C M m ' -f^ ffl EDC (HA : EDC # * tb= 1 : 
1 6 ) ^ ^ ^ #] . ' m -fit ffl ^ ^ ^ #J >t >^ >!i >S. >^ 1^ 8^ Pel 

4(0 ^5 ^ 7F » 



^ 5 







ib^iH 10 


it^iH 11 


EDC SL^SL^t^ib 
( HA : EDC) 


1:16 




1 : 16 


CC )/B^ (hr) 


25/4 




25/4 


EX-810 SLS^t "^it 
( HA : Ex-810 ) 


1 : 20 






EDC 5LS^y^^CC )/B^ 


25/4 






% ' (220U/niL, SS'C ' aS^) 


0.1% 


72.3856 


31.93% 
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i ' (25) 

^ m 4- ^ m ^ i^ji^ ^ ^ m ^] i^ .m -itp jl ' m ^ m i^j^^ 

pa ^ ^ # , ^i^^^it^^^ ' ^ ^ m. m ^ ^ m ^ 

^ ^ m ^ ' t ^ ^ ^ n ^ ^ ^ ^ }fA iip ' @itb^#a^^i^^ 




1^ 1 a ® ^ 4^ # 4L ^ «fe YJ-J 3 t si 8^ t ^ .^^ 3^ ft. -fb ^ 

^ BL m ^ m ^FiiR ^ n m « 

^ 1 b ffl ^ ^ ^ ^fe #J 3 t it t ^ ^^f: ft. #7 

m " 




(a) m ^ m 'n ^ ^ ^ ^ m ^ >^ ' 

5c.M#J t 3. ^ ^ ^ m^Cb) t -f^. ffi ^ - ^ 

^ # >ir ' ^ t a >^ ^ ^ t-J t it a m 

^ ^ ^ 0^ t m ^ ^ m 4t ^ ° 

s^t##:^:^^^^r . ^ ^ n % m ^ ^ SL m m ^ ^ ^ m 'it 

il,4-T — B^ — .^^K-a-?A^(l,4-butanediol 
diglycidyl ether ; BDDE) ^ z:> ^ ^ ^Jc -y- >^ fe^ 
(ethylene glycol diglycidyl ether ; EGDGE) M,6- 
j^g$^i^7jc-a- ^(1, 6-hexanediol diglycigyl 
ether) - ^ 2. ^ S| ^ -M- ^ ( Po 1 y e thy 1 ene glycol 

diglycidyl ether) - ^/^^S|j^.^7jc-a->ife^ 
(Polypropylene glycol diglycidyl ether) ^ ^ ^ Sl f 
;^^i|j^.ig7jc-a-;iife3E(polytetramethylene glycol 
digylcidyl ether) ^ ^ /it ^ ( N eop en t y 1 

glycol digylcidyl ether) - ^ 0^ m }^ 

polyglycerol polyglycidyl ether) > ji.-a->i^^.^7jc#>ife 
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S$(dig 1 ycerol po 1 yg 1 y c i dy 1 ether) - ^ ^ ^ 

SlCglycerol polyglycidyl ether) ^ ^ m. f ^ ^ m 

7K-^>ife^(tri-methylolpropane polyglycidyl ether) - 
# j% E9 ^ m -a- >A SiCPentaerythritol Polyglycidyl 
Ether) > tU ^ *t 8$ ^K -a- >A St ( so r b i t o 1 polyglycidyl 

ether) - ^ ^ ^ .^i ^ ^ M «^ » 

^M^Jj-Xl :505.1 l4L^^'t*tb3fe^^M>S.ii'' 

Sit # ^14 ^ >ir ?t ' * t IL m -ft ^ ^ t-j t ^ m IL 4^ 

6. *»ttt#^'J^S ^lafmi44^m^^4^Mil8^ t 

# ^H- ^ ^ ♦ ^ t 1-X 3t ft. 'fb ^ ^ t"! ife ^ 5C. ^ m >S 

>^ 2 0 ^ 6 0 r ^ fal o 

7. ti(a t tt # ^"J le. ffi ^ 1 ^ m iilt ^ II it ^ i ^ ^ il 8^ t 

fal ^ 3 0 # 5. 1 2 /J^ :^ m " 

-z-cs- ^ f ^ ^ ^ ^ m ^ 3-(2- jz. ^ m & m 

Z. ^ ^ m - ^ ^ /-fo ^ m ^ ^ # ° 

9. :J(atlf4|-^'J|ElIi^l^mi4L^mit^4^^ita^ t 
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10. ^ f n ^ M ^ m t 
#J 4lO. 5 ^30 * t ■§■ ^ tb • 

11. -ko ^ ^ ^ m ^imm^^U'^^^^^^m t 

>^ ^20 ^60 °C m ' 

12. *ittf*^'J||.g! ^iJ^miC^^i^^i^^ita^ t 

Bf Fal >j5L 3 0 # 5. 1 2 ^ fal o 

13. h' ^ n ^ ^'i ^ m ^ I m m ^ u ^ ^ ^ it m t 

^ * ^ >^ ^ ?4 m - m.m - m - ^ m m ^ & 

# ^ ^ # ^ ; # it ^ - ^ii ^ M .s. m ° 

14. :!{ottf4^#-Jle.ffi ^133^miilL^mi^^«^Mita^ 
tSlt##4L:;ir>* ' *tJlf t*^t>^^1^204*-S-^tb4^ 
ita^ t ait ^^^^^^^J^S^^f^^f^Ji^ 25^70 °C^>S>^lt 
•>l^'li^>?->^>^10J-500 /zni^^M;yt#*^'#ift.#^- 

^ ^ Bl M ' 

lb. -ko t tt* #'Jle.g| ^l^milL^mit^4^Mia.B^ t 

^ m mCb) m ^ A U ^ f4 m > a ^ S 5*- ^ ^ ?L 

# ^ HI ^ ^ # ^ ^ m ^ ' >f >5L ^ ^ # it. ^ =ii 5c. M 
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17. *ittt#^'J^§ ^16Jimit^^4^^itB^t^ 

urn- ' ^ t ^ ^ ( d ) ^ ;^ >|- >jfe. >a >i5L 6 0 "C a T iS. >^ *i*r It ° 

18. -kp ^ n 4- ^ m ^immm^w^^^sL^^m t 
^ - m - ^ 'i± ^ ^ ^ ^ ^ s - 





o 

3. 



? 1/34 I 

m 



o 
o 

P 




^ 6/34 I 



CO 




^ 7/34 I 




1^ 8/34 I 




^ 9/34 I 




t Am I 



I 




^ 5/34 I 




$ 6/34 :g 




1^ 7/34 1 




^ 8/34 I 




% 9/34 I 




% 12/34 I 




% 13/34 I 



^ 14/34 I 





% 19/34 I 



5y 



i 
i 




^ 14/34 I 




% 15/34 I 



n 



iiiii 



IS 



^ 16/34 I 




% 17/34 I 




% 18/34 I 




^ 19/34 5 



1 




i 



% 20/34 I 




II 



^ 21/34 I % 21/34 I 




